People always carry out social activities within certain geographic space. The geographic boundary likes national boundaries and provincial boundaries functions as dividing policies, distributing administrative resources, defining the scope of application of laws and regulations or even the boundary of cultural region, producing fundamental influence on people's lifestyle. Network analysis is a powerful tool to abstract complex system. In this article, we used network method to understand changes of cooperation network in movie industry and effect of geographical boundary.
Introduction
People always carry out social activities within certain geographic space. The geographic boundary likes national boundaries and provincial boundaries functions as dividing policies, distributing administrative resources, defining the scope of application of laws and regulations or even the boundary of cultural region, producing fundamental influence on people's lifestyle (Newman,2006 1 ). Previous studies adopt summarized data and analyze the influence of boundary from the perspectives of inter-regional trade, travel, technology diffusion and economic coordinated development, etc and therefore form a powerful refutation to the idea of the disappearance of geographical boundaries as well as distance (Mccallum, 1995 7 ). In recent years, with the introduction of large-scale mobile phone location data, communication data and social network data, researchers have provided more fine-grained evidence for boundary effect from the view of complex network analysis and proved the influence of practical administrative boundary on human interaction from several aspects.(Expert et al, 2011 8 ; Grauwin et al, 2017 9 ; Hawelka et al, 2014 10 ; Ratti et al, 2010 11 ; Rinzivillo et al, 2012 12 ; Szell et al, 2012 13 ; Thiemann et al, 2010 14 ;).
Although previous employment of complex network data and research methods brings exciting change to this field, there are still several defects as follows: 1) the influence degree of geographic boundary varies with different interaction (Kang et al, 2013 15 ; Liu et al, 2014 16 ; Shi et al, 2016 17 ; Wang et al, 2018 18 ; Goldenberg & Levy, 2009 19 ; Gao et al, 2013 20 ) . Most available studies on complex network are from the perspectives of migration network and communication network and seldom involve other network. So we can't know whether other interaction is influenced by geographic boundary likewise. 2) Under the tendency of constant expansion of technology and deep-going globalization, the judgment on the disappearance of geographic boundary is in line with the trend (Cairncross, 1997 21 ; Ohmae, 2015 22 ; Matthew et al, 2004 23 ; Walther & Bernard, 2013 24 ;Liu & Albergante, 2017 31 ). However, previous studies on network mostly employ sectional data which only demonstrate the profound influence of geographic boundary on interaction but cannot judge its development tendency. 3) Under the topic of regional integration, it is urgent to break the limit of administrative boundary and realize coordinated development. Previous studies focus on the model construction and prove the influence of administrative boundary on interaction through different models. But there is no in-depth analysis on how to construct the inter-regional network, so these studies cannot provide guidance for realizing regional integration. This paper adopts the network data on the cooperation of stars in Mainland -Hongkong-Taiwan ("Mainland" is short for "Mainland China") from 1900 to 2010, and analyzes the influence of administrative boundary on interaction from the perspective of movie star cooperation for the purpose of proving new evidence for the study in this field. Hongkong's Return occurred in the study period and a series of policies and measures were adopted to promote the exchange and coordinated development of two places. Thus, this paper takes it as the natural experiment and takes the cooperation network of movie stars in Mainland and Taiwan in the same period as the control group to analyze the influence of the change of regional policies and political environment on complex network. Finally, this paper employs the model analysis of the number of movie stars' cross-regional cooperation and discusses how the policies influence the development of cross-regional cooperation network. This study offers the study on geographic boundary and interpersonal interaction new and sound evidence. The in-depth analysis on policy influence can help understand how the cross-regional interpersonal interaction is influenced by policy and social environment, providing theoretical guidance for the development of regional integration.
Materials and Methods

Data
The data in this paper comes from the "Chinese Star Cooperative Database" constructed by the authors with on-line data fetched via Python. The cooperative relationship between stars is constructed by star's co-starring in movies and TV plays. The data is acquired through three steps: 1) the initial Chinese-star base is sourced from "Movie_1905 (http://www.1905.com/)", which is a website directly under directly subordinate to the State Administration of Press, Publication, Radio, Film and Television of China, and the largest provider of Chinese films. A total of 2692 film and TV stars have been sourced from the Stars' Cooperation Database; 2) Since part of the research period of this paper was before year 1997, some of the older generation of movie stars who no longer participate in performance at present and some less famous stars are involved, so the database does not have all coverage. To expand the coverage, the authors have pulled information from the Baidu Encyclopedia of 2692 Chinese stars, including all the films and TV dramas they ever starred as well as the casts of these films and TV dramas. By then, a total of 10357 stars were covered in the database; and 3) In order to further expand the coverage and prevent omissions, the researchers followed the above method to carry out a second round of expansion, grasped the Baidu Encyclopedia of 10357 movie stars (some of the stars did not have Baidu Encyclopedia webpage at this point), obtained all their starred movies and teleplays, and got the list of a new round of movie stars. Finally, a total of 26729 stars have been covered in the database, including a lot of foreign stars from South Korea, Japan, the United States and so on. The number of Chinese and foreign films and TV drams covered is 45482. Based on these, 484804 pairs of cooperation among stars came into shape.
In order to study the influence of the HongKong's return on the cooperative network of movie stars, this paper divides the research period into five periods: 1990-1993,1994-1997, 1998-2001, 2002-2005, and 2006-2009 . The first two periods are used to analyze the situation and trend before HongKong's return, and the latter three periods are used to analyze the situation and trend after the return. To better reflect the real effect of the policy, this paper takes the cooperative relationships between stars from Mainland China and Taiwan as the reference group. At last, a total of 4585 stars are included in the data, and 3297 of them come from Mainland, 617 of them come from Taiwan, and 617 of them come from HongKong. There are 117,715 cooperation ties. The data of different periods is shown as follows: It can be seen from the data in the table that Fig.2 that, the cooperative network of Mainland and Hongkong stars has undergone tremendous changes during the five research periods. This paper will display these changes by constructing analysis variables and analysis methods.
Analysis Variables
This paper studies whether the cooperation between movie stars is affected by the heterogeneity of stars' geographical belonging, as well as the influence of the change of policy environment on cross-regional cooperation. In other words, whether the heterogeneity of stars' geographical belonging exerts a significant impact on star cooperation and whether such impact changed around the time of Hongkong's return are studied. The dependent variable in this paper is whether a cooperative relationship is formed between two nodes using the adjacency matrixes of all stars during different periods. The main independent variables include the stars' geographical belonging, which is indicated by birthplace and native place obtained from the Baidu Encyclopedia. The second independent variable is the popularity degree of the stars, which is measured by the stars' total cooperation quantity. Since the stars' popularity degree can change, this paper takes their cooperation quantity in the previous period as a measurement index of their popularity degree in the present period; the third independent variable is the stars' qualification measured by the time when they first starred a movie or TV play, the earlier the time is, the higher their seniority will be. The control variables in this paper include the age of the stars obtained from the Baidu Encyclopedia, of which some missing information is searched and complemented by artificial network, and whether the stars have cross-regional cooperation experience in the previous period is judged and generated by the database. Table 1 indicates that the density of the stars' cross-regional cooperative network is affected by the development trend of the star scale in the two regions. How to effectively measure the probability of cross-regional cooperation and calculate the changes in year? This paper uses two methods to measure the cross-regional stars' cooperative network. The first method refers to Newman's community structure in networks to construct the cross-regional star cooperation index, which can calculate the probability of cross-regional stars' cooperation by comparing with the randomised network without controlling other factors 25 .
Analysis Methods
The second method adopts Exponential random graph models ("ERGMs", for short), which analyzes the impact of homogeneity of the stars' geographical belonging on the cooperation probability after controlling indexes such as the network structural factors and the node attributes including the stars' age, time of entering the profession, popularity degree and so on. Next, the two methods are introduced in detail. 33 ). The finitely disorganized network is used as the expected cooperation network of each year, and the calculation formula for the cross-regional cooperation index of each year is as follows:
Expected quantity of cooperation(E) .
Exponential random graph models:The Second Method
Exponential random graph models: ERGMs is a common analysis model in network analysis. Similar to Generalized Linear Models (GLMs), its dependent variable is the probability of the formation of connection between two nodes. However, as the non-independence hypothesis in network analysis is not valid, ERGMs is a Logit model using Markov Chain Monte Carlo (MCMC) method (Frank & Strauss, 1986 (Snijders, 2002 30 ). After nearly 40 years of development since 1980s, ERGMs has become an effective tool for investigating the theory of network social sciences. The probability of the observed network connections in ERGMs can be denoted as:
Where Y represents all the possible connections in the network, y is the actual or observed connections in the network, X denotes the matrix of node attributes, and g(y, X) represents the network statistics, which includes edge attribute, node attribute and network structure.These network statistics constitute the independent variables of the ERGMs. According to these independent variables, the model can predict the probability of connection formation between nodes. θ is the coefficient of the network statistics,and K is a normalization constant introduced to make the sum of the probabilities of the formation of connections
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between all the network statistics equal to 1.
ERGMs can be directly in analogy with GLMs. The dependent variable in the above equation is the probability of formation of connection between two nodes. P i j represents the probability of the existence of connection between two nodes, 1 − P i j denotes no connection between two nodes, and the log odds (Odds Ratio) of whether a connection is established between two actors can be expressed as a form similar to the logit model.
The regression coefficient of the model is similar to that of the logit model. The importance of the statistic [g(y, X)] i j to the connection probability is measured. The positive value represents an increasing effect of the connection formation, and the negative value indicates the less probability of the formation of connection. This paper estimates the model using statnet, ergm, network, sna and other packages in R software. The changes in the cross-regional cooperation indexes among the stars between Mainland and Hongkong, Mainland and Taiwan show that the return of Hongkong had significant influence on the cross-regional cooperation. Before Hongkong's Return, due to the ambiguous policies, the cooperation between stars in the two places was cautious, and cross-regional cooperation was significantly reduced. This effect reached its lowest point in Year 1999. After the return, the political environment becomes gradually clear, the cooperation index of stars between Mainland and Hongkong has increased year by year with the introduction of corresponding incentives and cooperative scheme in these two places. The cross-regional cooperation of Mainland-Taiwan stars has also been influenced by the return of Hongkong. The number of stars involved in Mainland-Taiwan cooperation
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showed significant growth during the time when the cross-regional cooperation of Mainland-Hongkong stars was declining before the return of Hongkong. This paper suggests that there is a " substitution effect ", that is, in the case of stable demand in the movie entertainment market, the cross-regional cooperation between Mainland and Hongkong stars has reduced due to the temporary uncertainty of the institutional environment, and correspondingly, the cross-regional cooperation between Mainland and Taiwan stars has enhanced.
The Result of ERGMs
The regional homogeneity in ERGMs is the interaction item of two nodes, and if the regional attributes of Mainland, Hongkong and Taiwan are taken into consideration, it will be very difficult to analyze the difference in the influence of regional homogeneity between Mainland-Hongkong and Mainland-Taiwan. In order to facilitate analysis, the Mainland-Hongkong stars and Mainland-Taiwan stars are separated to construct the model. In the previous model, Taiwan stars are excluded, and only the influences of the homogeneity of the regional attribute of Mainland and Hongkong stars are compared. For comparing the changes in the influence of homogeneity, this paper separates the five time periods to construct the model and compare the changes of coefficients. The analysis results of these models are shown in Table 2 and 3.
To demonstrate the model results clearly, the coefficients of the homogeneity of regional attribute in Table 2 and 3 are summarized and displayed in Fig. 4 below. The blue broken line in the figure shows that the cooperation among stars from Mainland and Hongkong experienced a decline before a rise. The influence of the homogeneity of the origins of stars on conjunctive probability has increased from 1.1 during 1990-1993 to 1.81 during 1998-2001, and it then kept dropping, and hit 1.59 during 2006-2009.Increased influence of homogeneity means that the probability of intra-regional cooperation is higher than that of inter-regional cooperation and accordingly, cross-regional cooperation is more difficult, and vice versa. Therefore, the cooperation probability among stars from Mainland and Hongkong experienced decline first before rise, which is consistent with the analysis results of cross-regional cooperation index.
Figure 4. Summary of ERGMs analysis results
The cooperation between Mainland and Taiwan, however, didn't experience the same change. When other factors are controlled, the coefficient of the influence of regional attribute homogeneity between Mainland and Taiwan stars has been fluctuating between 1.5 and 1.7, shows a trend of decrease first and then increase, and reaches the lowest point between 1998 and 2001, that is, the inter-regional cooperation between Mainland-Taiwan stars is relatively easier and the effect of inter-regional cooperation between Mainland-Taiwan stars still exists in this period. The coefficient of regional homogeneity increased from 1.46 to 1.68 since 1998, indicating that inter-regional cooperation is becoming increasingly challenging, which is contrary to the situations between Mainland and Hongkong.
Discussion
This paper has obtained consistent results of the influence of homogeneity of regional attribute analyzed by both the crossregional star cooperation index and ERGMs. Hongkong's return exerts a significant influence on the cross-regional cooperation between Mainland-Hongkong stars, and the specific influence is divided into two parts: 1) the cross-regional cooperation between stars in the two places was cautious before Hongkong's Return due to institutional uncertainty and ambiguous policy, the cross-regional cooperation decreased significantly in those years, and such decreasing trend continued until 1999; 2) after Hongkong's Return, with the gradually clear political environment and the introduction of corresponding incentives and cooperative scheme in the two places, the star cooperation indexes of Mainland-Hongkong has increased year by year. As a control group at the same period, there is no significant change in the cooperation between Mainland and Taiwan stars before and after Hongkong's Return. It is also found through analysis that the fluctuation in Mainland-Hongkong cross-regional cooperation caused by Hongkong's Return has brought substitution effect to Mainland-Taiwan cross-regional cooperation, Table 3 . The ERGMs of cooperation between Mainland-Taiwan (1990 -2009 that is, the cross-regional cooperation between Mainland-Taiwan stars reaches the peak at the lowest point of cross-regional cooperation between Mainland-Hongkong stars.
As to the specific changes in the cross-regional cooperation between Hongkong and Mainland stars, since it is impossi- Table 4 . Number of Times of Cross-regional Cooperation between Hongkong and Mainland Stars over the Years By comparing the cross-regional cooperation of Hongkong stars in Table 4 with that of Taiwan stars in Table 5 , it is found that the number of times of cross-regional cooperation of Hongkong stars increased significantly after 1998. 
